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rivatives can be aerobically degraded and used as a primary sub-
strate for growth by a wide range of naturally occurring microorgan-
isms (Armstrong et al, 1991; Ridgway et al, 1990), Bioremediation
of gasoline-contaminated aquifers by indigenous microflora has been
successfully implemented a number of times (Jamison et al., 1976;
Lee et al, 1988; Thomas and Ward, 1989), although researchers have
sometimes reported that the indigenous microbial population required
a period of adaptation before degradation commenced (Armstrong et
aL, 1991).

Alternate Substrates

Because of the nature of contaminant partitioning within the sub-
surface, contaminants may be transported through the aquifer in di-
lute ground water plumes at concentrations that provide insufficient
energy and/or carbon to support microbial growth. Additionally,
since aquifers may be used as drinking water sources, the allowable
levels of many ground water contaminants are set in the range of
micrograms per liter, requiring reduction of contaminants to concen-
trations lower than those required for microbial reproduction. Un-
der these circumstances, it may be necessary to supply an alternate
substrate for the microorganisms in order to promote degradation by
secondary metabolism. Similarly, contaminants that do not benefit mi-
croorganisms by providing energy or carbon can sometimes be de-
graded in the presence of an alternate microbial substrate by cometabolism,
Some examples of cometabollc degradations are those catalyzed by
the mono- or dioxygenase enzymes of methane-, propane-, or tolu-
ene-oxidizing bacteria, which use the contaminant as electron donor
and oxygen as electron acceptor, or those carried out by anaerobic
bacteria capable of using the contaminant as the electron acceptor. A
wide range of chlorinated solvents, including trichloroethylene and
vinyl chloride, have been shown to be cometabolically degraded by
methane- and toluene-oxidizing bacteria. For the application of ei-
ther secondary metabolism or cometabolism, use of an alternate sub-
strate presents an additional engineering challenge and potential limit
on the reaction rate. However, the use of an alternate substrate also
enables the degradation reaction to be maintained at contaminant
concentrations below those required to support microbial growth and
much lower than those possible for degradations in which the con-
taminant is used by the microorganisms as a primary substrate. Therefore,
alternate substrates can increase the potential for attaining contami-
nant removal to regulatory levels.